Background: Obesity is an important risk factor for decrease in high-density lipoprotein cholesterol (HDL-C) levels, which predisposes to cardiovascular diseases. But, the relative contribution of obesity toward decreased HDL-C and the risk estimates of decreased HDL-C attributable to obesity are unavailable. Such measures will help in understanding the extent by which the burden of decreased HDL-C can be reduced by tackling obesity. Objectives: The objectives of this study were to (a) determine the association between decreased HDL-C and obesity and (b) estimate the attributable risk proportion (ARP) and population attributable risk proportion (PARP) for decreased HDL-C due to obesity. Methods: Body mass index (BMI) and waist circumference (WC) were measured as indices of overweight (or generalized obesity) and central obesity, respectively in 190 subjects (95 cases with low HDL-C and 95 healthy controls with normal HDL-C) from Guwahati city. Crude odds ratio (OR) and adjusted OR with 95% confidence interval (CI) were calculated along with the risk estimates (ARP and PARP). Results: People with overweight or generlized obesity (adjusted OR = 4.90, 95% CI = 3.59-6.68), and people with central obesity (adjusted OR = 3.33, 95% CI = 2.39-4.64) had significantly greater odds of developing decreased HDL-C. Among the exposed, 79.8% of the decreased HDL-C cases could be attributed to overweight (or generalized obesity), while 72.8% cases could be attributed to central obesity. In the overall population, the corresponding figures were 57.1% and 36%, respectively. Conclusion: Decreased HDL-C is strongly associated with and largely attributable to obesity.
Introduction
High-density lipoprotein cholesterol (HDL-C) occupies a special position among the different lipid fractions. Also dubbed as "good cholesterol," decreased HDL-C concentration is a major risk factor for cardiovascular diseases (CVDs). 1 Asian Indians commonly have decreased HDL-C levels. 2, 3 This assumes significance because Asian Indians are also one of the worst affected ethnic groups afflicted by CVDs. 4 Obesity/overweight is an important risk factor for decreased HDL-C. 5 The inverse correlation between obesity and HDL-C is well documented. [6] [7] [8] [9] But the magnitude to which obesity is responsible for contributing toward low HDL-C is unclear. Measure of the relative significance of a risk factor in producing an adverse outcome has public health importance. It helps in understanding the extent by which the outcome (decreased HDL-C) can be reduced if the risk factor (obesity) can be eliminated. Estimates like attributable risk proportion (ARP) and population attributable risk proportion (PARP) may offer valuable insights in this regard. 10 The ARP and PARP values reflect the extent to which the outcome can be attributed to the exposure (risk factor) in the exposed and general populations, respectively. 10, 11 Guwahati city is located in the state of Assam, northeast India. Decreased HDL-C concentration was found to be the commonest lipid abnormality in Guwahati. 7 Our primary objective was to determine the strength of association between obesity and decreased HDL-C in a sample from Guwahati. In addition, we estimated the risk (ARP and PARP) for decreased HDL-C that was attributable to obesity.
Methods

Study Design
This analytical cross-sectional study was conducted between January 2014 and June 2014 in Gauhati Medical College and Hospital (GMCH), Guwahati, Assam, with Institutional Ethical Committee approval and participants' informed written consent. All the subjects were residents of Guwahati. Obesity was treated as the exposure (risk factor) and decreased concentration of HDL-C as the outcome. Subjects were enrolled into 1 of the 2 groups-cases (decreased HDL-C group) and controls (normal HDL-C group), using the following selection criteria.
The case group included individuals with decreased HDL-C concentrations (<40 mg/dL). 5 Subjects with pregnancy, liver disease, on medications (beta-blockers, oral contraceptives, steroids, etc), high triglycerides (>200 mg/ dL), diabetes mellitus, thyroid, and other endocrinal disorders were excluded. The control group included healthy individuals undergoing routine health checkup, who exhibited HDL-C and other lipid profile fractions within normal limits (ie, HDL-C ≥40 mg/dL, total cholesterol (TC) <200 mg/dL, triglycerides (TGL) <150 mg/dL, low-density lipoprotein cholesterol (LDL-C) <130 mg/dL). 5 
Sample Size
The sample size was calculated in G*POWER v3.1.9.2. The reported prevalence of obesity/overweight in the urban population of Assam is 16.3% to 23.4%. 12 The study was powered at 80% with a 2-sided α = .05. Assuming the prevalence of obesity in the control population as 20% and expecting an odds ratio of 2.5, we found that at least 93 individuals would be needed for each group if cases and controls were to be selected at 1:1 ratio. Thus, we recruited 95 individuals each for the case and the control groups (total sample size = 190).
Biochemical Estimations and Obesity Measurements
Quantification of TC, TGL and HDL-C was done in fasting venous samples using VITROS 5600 Autoanalyser (OrthoClinical Diagnostics Inc. USA). LDL-C was estimated using Friedewald's equation. 13 Results were validated by quality control materials (Bio-Rad and Christian Medical College, Vellore, India).
Increased body mass index (BMI) was used to identify overweight or generalized obesity, and increased waist circumference (WC) was used to identify central obesity. Measurements were performed according to World Health Organization (WHO) protocol.
14 Increased BMI was defined using WHO-specified Asian-specific cutoff (≥23 kg/m 2 ), 15 which was subsequently endorsed for Indians by a consensus statement. 16 For increased WC, International Diabetic Federation (IDF)-recommended values for South Asians were used (≥80 cm in females, ≥90 cm in males). 17 
Statistics
Statistical analysis was done in OpenEpi v3.0.1. Data were compared between the case and control groups using unpaired t test or Fischer's exact test, as appropriate. Crude association between obesity and decreased HDL-C was estimated by unadjusted odds ratios (ORs) with 95% confidence intervals (CIs). These were complemented by adjusted ORs, calculated using Mantel-Haenszel approach 18 after controlling for potential confounders (like gender, smoking, and alcohol use) which could not be eliminated in the design phase. Two-tailed P value of less than .05 was considered significant. The risk estimates, ARP and PARP were calculated as previously described.
19,20
Results
The baseline characteristics of the subjects are presented in Table 1 . The 2 groups were comparable (P > .05) with respect to age and sex composition, and smoking and alcohol use. The obesity measures were significantly higher (P < .01) in the case group (BMI = 27.52 ± 3.91 kg/m 2 , WC = 91.28 ± 6.32 cm) than in the control group (BMI = 22.09 ± 3.12 kg/m 2 , WC = 80.52 ± 5.92 cm). Among cases, 68 individuals (71.58%) were overweight or generally obese, and 47 individuals (49.47%) were centrally obese; while among controls, the respective numbers were 32 (33.68%) and 20 (21.05%) ( Table 2 ). Decreased HDL-C was strongly associated with obesity. Both increased BMI (unadjusted OR = 4.96, 95% CI = 2.68-9.18) and increased WC (unadjusted OR = 3.67, 95% CI = 1.94-6.97) augmented the risk for decreased HDL-C. Even after adjusting for confounders, increased BMI (adjusted OR = 4.90, 95% CI = 3.59-6.68) and increased WC (adjusted OR = 3.33, 95% CI = 2.39-4.64) continued to be strong determinants for decreased HDL-C.
The ARP and PARP values were also considerable ( Table  2 ). The ARP associated with decreased HDL-C in individuals with increased BMI was 0.798 (95% CI = 0.726-0.852). Whereas, in the overall population, the PARP on comparing individuals having increased BMI and those with normal BMI was 0.571 (95% CI = 0.497 0.646). Similarly, the ARP associated with decreased HDL-C in individuals with increased WC was 0.728 (95% CI = 0.485-0.856). The PARP on comparing individuals having increased WC and those with normal WC was 0.36 (95% CI = 0.216-0.504).
Discussion
A large proportion of decreased HDL-C cases in our study were obese. Overweight or generally obese individuals were at nearly 5 times, and centrally obese individuals were at nearly 4 times greater odds for developing decreased HDL-C than their nonobese counterparts.
A large proportion of the disease burden of low HDL-C dyslipidemia could be attributed to obesity. To our knowledge, no study has previously described the magnitude to which decreased HDL-C is attributable to obesity. We found that 79.8% of decreased HDL-C was attributable to increased BMI in the individuals with overweight or generalized obesity, while 72.8% of decreased HDL-C among the centrally obese individuals was due to increased WC. The burden of decreased HDL-C owing to obesity in the overall population was also quite high: 57.1% of low HDL-C was attributable to overweight or generalized obesity, whereas, 36% of low HDL-C was attributable to central obesity.
Our findings have considerable public health relevance because they suggest that it will be possible to reduce the Values are expressed as mean ± SD or n (%). burden of decreased HDL-C substantially if obesity can be combated. Obesity is a modifiable risk factor. Clinical studies have reported that weight reduction in obese individuals brought about appreciable increments in the HDL-C levels. [21] [22] [23] Therefore, in view of our findings, the prospective benefits of eliminating or modifying obesity in terms of elevated HDL-C would be enormous. Guwahati (located at 26°18′ N latitude and 91°73′ E longitude) is the capital city of Assam and the most populated one in northeast India. Its total population was 962 334 individuals (498 450 males and 463 884 females) as per the Census of India 2011 report. 24 Guwahati is undergoing fast transition and modernization. It is likely that this rapid urbanization would contribute to obesity even further. 25 In fact, the National Family Health Survey (NFHS-3) indicated that the prevalence of obesity/overweight in the urban population of Assam (16.3% to 23.4%) was almost 4 times than that in the rural population (4.5% to 6%). 12 Thus, it is necessary that efforts to challenge obesity be initiated as a major strategy to reduce the burden of decreased HDL-C and improve cardiovascular health in our population.
Our study had some limitations. Since the study was conducted in a single center, we cannot rule out selection bias and coverage bias. We conducted the study in GMCH-a premier hospital that caters to all sections of people from Guwahati. Though it was desirable to conduct a populationbased study, yet it was operationally and monetarily not feasible for carrying out random lipid testing in the community to identify appropriate subjects who satisfied the selection criteria. Although GMCH is a tertiary care center, people attend GMCH for routine health checkup and also for primary and secondary health services as it is the chief source of quality and subsidized health care in Guwahati. Because of these aspects, the beneficiaries are not a highly selected group of people with the most severe ailments, but we think that they represent a cross section from the general population at large. Secondly, our study was conducted in one city. Therefore, the internal validity is high. But, the findings need to be confirmed in other cities and populations.
Conclusion
Obesity was a strong determinant for decreased HDL-C levels. Decreased HDL-C levels could be largely attributed to obesity. This has important connotations because interventions targeting a modifiable exposure like obesity have the potential of tremendously improving HDL-C levels and promoting cardiovascular health both in the exposed and the general population.
